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REMARKS 



Claims 1-5 have been canceled. New claims 6-20 have been added. Thus, claims 6-20 are 
presented for examination. Applicants respectfully request allowance of the present application 
in view of the foregoing amendments. 

The amendments are not made for purposes of patentability. 

A marked up copy and a clean copy of the Substitute Specification incorporating the 
changes to the specification in the present Preliminary Amendment are provided with this 
application. No new matter has been added by way of the Substitute Specification. 



The commissioner is hereby authorized to charge any appropriate fees due in connection 
with this paper, including the fees specified in 37 C.F.R. §§ 1.16(c), 1.17(a)(1) and 1.20(d), or 
credit any overpayments to Deposit Account No. 19-2179. 



Conclusion 



Respectfully submitted, 



Dated: 




flohn P. Musone 
Registration No. 44,961 
(407) 736-6449 



Siemens Corporation 
Intellectual Property Department 
170 Wood Avenue South 
Iselin, New Jersey 08830 
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Amendments to the Abstract: 

In the Specification document, please add the abstract at page 6 line 1, as follows: 
-ABSTRACT 

In one aspect, a method of optimizing connection set-up times between nodes in a centrally 
controlled network comprises sending a path set-up request from a node to a controller is 
provided If a connection cannot e made at a requested time, not sending a no acknowledgment 
message, but only and sending an acknowledgment message from the controller to the node 
when the network connection has been established.- 

A clean copy of the Abstract that incorporates the above amendments is provided 
herewith on a separate page. 
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10/594476 

Attorney Docket No. 2004P01512WOUS 

1AP01 ftec'd PCT/PTO £8 SEP 2006 

A METHOD OF OPTIMISING CONNECTION SET-UP TIMES BETWEEN 
NODES IN A CENTRALLY CONTROLLED NETWORK 

CROSS REFERENCE TO RELATED APPLICATIONS 

[00011 This application is the US National Stage of International Application No. 
PCT/EP2Q05/001405, filed February 4. 2005 and claims the benefit thereof. The 
International Application claims the benefits of Great Britain application No. 04071 54.4 
GB filed March 3 L 2004, both of the applications are incorporated by reference herein in 
their entirety. 

FIELD OF INVENTION 

[0002] This invention relates to a method of optimising connection set-up times 
between nodes in a centrally controlled network, in particular for optical networks. 

SUMMARY OF INVENTION 

[0003] A problem in centralized optical networks is how to optimize the path setup 
and teardown process in centralized optical networks. Generally, signalling in 
centralized optical networks is done via one or several control entities which are in 
charge of coordinating the rest of the network elements. This type of architecture is 
popular, since it has many advantages including fast connection setup and teardown, 
highly controllable and predictable network behaviour, call admission control (CAC), 
billing and charging, routing, security, congestion control, congestion avoidance and load 
balancing algorithms are easy to implement. In addition it reduces the signalling 
requirement over other decentralised systems, avoiding problems derived from a poor 
timing of the signalling messages, since the scheme is topology independent and allows a 
reduction in the complexity in the network nodes (edge nodes and optical switches), since 
most of the signalling processing is done at the control entity. Another benefit is that it is 
relatively easy to make software or hardware upgrades in the control plane, since in most 
cases only the control entity will have to be modified. 
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[0004] For these reasons, users wish to maintain this type of architecture, but there is 
always pressure to improve performance. 

[0005] A method of optimising connection set-up times between nodes in a centrally 
controlled network comprises sending a path set-up request from a node to a controller; 
and sending an acknowledgment message from the controller to the node, only when the 
network connection has been established. 

[0006] By cutting out the conventional no acknowledgement message indicating that 
a connection cannot be made at the requested time, it is not necessary for the node to 
resend its request to the controller an open ended number of times. It must simply wait 
until the resources are available and then it is notified. 

[0007] Preferably, the node implements a queuing scheme whilst waiting for the 
acknowledgement, such that IP packets received at the node whilst awaiting a connection 
are discarded in accordance with the queuing scheme. 

[0008] Different types of queuing scheme are possible, but preferably the queuing 
scheme comprises one of first in first out (FIFO), last in first out (LIFO), or weighted fair 
queuing (WFQ). 

[0009] For a WFQ scheme, preferably the scheme selectively dismisses internet 
protocol (IP) packets having a lower priority in order to store more recently arrived IP 
packets having a higher priority. 

[0010] As each IP packet reaches a node awaiting a connection, they are assessed for 
priority and ordered accordingly, so that at any time the packets, whether old or new, 
having the highest priority are saved and the lowest priority ones are discarded as the 
store fills up. 

[0011] This method can be applied to many types of centralised networks, but 
preferably the network is an optical network. 
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[0012] The method of the present invention takes advantage of the behavioural 
predictability of optical networks controlled by a central entity in order to create a 
blocking free path setup and teardown method that manages the bandwidth in a highly 
efficient way. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] An example of a method of optimising connection set-up times between nodes 
in a centrally controlled network will now be described and contrasted with a 
conventional method with reference to the accompanying drawings in which: - 

Figure 1 is a block diagram illustrating a centralised architecture of a type to which the 

method of the present invention applies; 
Figure 2A illustrates signalling paths when a connection is possible in the architecture of 

Fig.l; and 

Figure 2B illustrates conventional signalling paths when a connection is not possible in 
the architecture of Fig.l [[;]]. 

DETAILED DESCRIPTION OF INVENTION 

[0014] The present invention is concerned in particular with optical networks with two 
way reservation (2WR) schemes. In such schemes, two types of signalling messages are 
necessary in order to make a connection between two edge nodes, the first is a path setup 
message to initiate the connection and the second is an acknowledgement (ACK) or no 
acknowledgment (NACK) message to confirm or deny the availability of resources for 
the connection. 

[0015] Conventionally, the signalling for a centralized network of the type illustrated 
in Fig.l is as follows. Edge nodes 1, 2 can be connected via a number of different optical 
switches 3, 4, 5, 6 all under the control of a central controller 7. A specific path is set up 
by the controller sending one way messages to the chosen switches. Each edge node 1 , 2 
is able to both send and receive messages from the controller 7. 
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[0016] When an edge node 1 wishes to initiate a connection, as shown in Fig. 2 A, it 
must send a path setup message 8 to the controller 7. If there are sufficient resources 
available in the network to establish the desired connection, the controller 7 sends a path 
setup message 9 to each node 3, 4, 5, 6, 2 in the end to end path. Finally when the end to 
end path has been established, the controller sends an ACK message 10 to the edge node 
1 that initiated the connection request, indicating that the connection has been 
established. 

[0017] However, if there are not enough available resources in the network in order 
to establish the connection, as shown in Fig 2B, a NACK message 1 1 is sent back to the 
edge node 1 , which will have to try to establish a connection at a later time. A problem 
with this arrangement is that in order to establish the connection, the edge node 1 will 
have to send a path setup message 8, at least once more and in fact as often as it takes to 
make the connection. This consumes signalling resources unnecessarily. In addition, 
since the edge node does not know exactly when the network resources will be available, 
the connection process is transformed into one of trial and error. 

[0018] One solution would be to modify the NACK message and to add a timing field 
with information regarding when the resources will be free in the network. But this 
implies increasing the intelligence of the edge nodes (by adding a timer and a more 
complex signal processing unit), which goes against the very principles of a centralized 
signalling architecture. 

[0019] The present invention addresses this problem of unnecessary use of signalling 
resources without increasing the node complexity by only sending the ACK message to 
the source edge node when there are sufficient resources available in the network to 
establish an end to end connection, but not sending any NACK message if there are not 
sufficient resources. With this simple modification, only two signalling messages 
between edge node and control entity are necessary in order to establish a connection, 
irrespective of whether there are sufficient resources available in the network initially. In 
the conventional method, the number of signalling messages where the resources are 
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initially insufficient is not limited. 

[0020] Using the method of the present invention means that whilst the edge node 
waits for the ACK message from the control entity, its aggregation buffer fills up with 
incoming IP packets and if the edge node has to wait too long for the ACK message, its 
buffer can overflow. This means that some IP packets will have to be discarded. 
Different queuing systems can be implemented to deal with this scenario. If a first in first 
out (FIFO) queue is implemented, the last IP packets arriving at the edge node will be 
discarded. An alternative, which may be preferred for an optical network is a last in first 
out (LIFO) queue, on the basis that more recent information has greater importance than 
older information. A preferred scheme is one in which QoS can be taken into account in 
the network, for instance by using a WFQ (weighted fair queuing) system in the 
aggregation buffer. This leads to IP packets with a lower priority being discarded first, 
whenever the aggregation buffer is full. 

[0021] Amongst the advantages of the path setup and teardown method according to 
the invention are that it reduces the amount of signalling information, since only two 
signalling messages between edge node and control entity are necessary in order to 
establish a connection, irrespective of the resources available in the network; the method 
is compliant with the centralized philosophy, i.e. it keeps the complexity out of the edge 
nodes and optical switches and it reduces the blocking probability. When the aggregation 
buffer in the edge node overflows the information gets lost with the granularity of an IP 
packet, whereas conventionally the granularity was of a burst (in average around 500 
times larger than an IP packet). In addition, it allows implementation of QoS queuing 
mechanisms very easily, such as WFQ, so that if the buffer in the edge node overflows, 
IP packets with a lower priority can be selectively dismissed leaving only high priority IP 
packets in the buffer; and no hardware modification is required. 
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